Keywords: acenaphthylene /peri-substitution /3c-4e interaction /X-ray crystallography / DFT calculations/non-covalent A series of peri-substituted acenaphthylenes containing mixed halogen-chalcogen functionalities at the 5,6-positions in 1-6 (Acenapyl [X][EPh] (Acenap = acenaphthylene-5,6-diyl; X = Br, I; E = S, Se, Te) and chalcogen-chalcogen moieties in 7-11 (Acenap [EPh][E`Ph] (Acenap = acenaphthene-5,6-diyl; E/E` = S, Se, Te), have been prepared from their corresponding acenaphthene analogues A1-A11, utilizing 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) for the dehydrogenation of the ethane backbone. The related dihalide compounds 13 and 14 Acenapyl[XX`] (XX` = BrBr, II) have also been prepared following a similar procedure and 1,2,5,6-tetrabromo-1,2-dihydroacenaphthylene A0 was prepared as an intermediate following an alternative route to 13. The series of acenaphthylene compounds have remarkably similar molecular structures to their acenaphthene counterparts, exhibiting an expected increase in periseparation as heavier congeners occupy the close peri-positions.
Introduction
Understanding how atoms interact in different bonding situations and the ability to quantify the extent of bonding between two atoms is an ongoing challenge for chemists, and one which dates back to the origins of the electronic theory of valence proposed by Lewis and Langmuir in the early 1900s.[1,2] The stability of molecules was originally ascribed to their ability to pair valence electrons off in chemical bonds to achieve 'stable octets', with the concept of covalence introduced as 'the number of pairs of electrons an atom can share with its neighbor'. [1] [2] [3] Ambiguity over the bonding in molecules of heavier main-block elements (period 3 and higher), in which an 'octet expansion' would be required in order to conform to conventional Lewis 2c-2e covalent bonding theory, was thus rationalized by the availability of unfilled low-lying d-orbitals. [ 
1]
Langmuir, however, accounted for the legitimacy of the octet rule by suggesting the bonding in these species, termed hypervalent, [4] was now ionic rather than covalent in nature. [2] The advancement of molecular orbital theory in the latter half of the last century led to a greater understanding of the bonding in hypervalent compounds, favoring the octet rule rather than conventional Lewis 2c-2e theory as a valid first approximation for the bonding in molecules of the main-block. [3] The concept of a three centre four-electron bond (3c-4e) subsequently introduced by Rundle [5] and Pimental [6] was able to explain the bonding without either violating the octet rule or invoking ionic bonding and later evolved to include four-and five-centre, six electron bonds (4c-6e, 5c-6e). [7] With the help of increasingly sophisticated calculations, novel bonding scenarios are continuing to be uncovered, [8] however identifying synthetic routes to these systems is essential for corroborating theoretical predictions, which are not always unambiguous.
The chemistry of 1,8-disubstituted naphthalenes is well developed [9] with many groups utilizing the rigidity of the backbone and close proximity of the substituted moieties for studying weak non-covalent interactions in main group systems. [10, 11] The geometric constraints unique to perisubstituted species, allows large heteroatoms to occupy unusually close positions within van der Waals radii. The subsequent nonbonded intramolecular interactions which result from the direct overlap of orbitals can either be repulsive due to steric hindrance or attractive in the form of weak or strong bonding. [12, 13] When electron density is delocalized over formally nonbonded atoms, the degree to which the delocalization contributes to the bonding between these atoms is of particular interest. [8, [14] [15] [16] [17] [18] [19] Heavier third and fourth row peri-substituents, susceptible to hypervalent bonding, can be forced to interact well within the sum of van der Waals radii. However, the nature, size and number of the substituents attached to the peri-atoms and the makeup of the rigid backbone can have a notable affect on the formally non-bonded peri-separations. Such tendencies are observed in naphthalenes N1-N12 [18] and their acenaphthene analogues A1-A12. [17] Under appropriate geometric configurations, 3c-4e type interactions provide an attractive component for the E···Z interaction, which becomes less prominent for the lighter, second-row congeners. However, the variation in peri-separation between compounds with different aromatic ring configurations can be correlated to the ability of frontier orbitals to take part in attractive or repulsive interactions. In addition, the introduction of the ethane linker ensures peri-substituted acenaphthenes naturally display greater molecular distortion than corresponding naphthalene derivatives, resulting in longer peri-distances and less interaction between the peri-atoms. [17, 18] The ease of synthesising the valuable precursor 5,6-dibromoacenaphthene [20] compared to the more laborious method for preparing the naphthalene equivalent, [21] has seen an increasing rise in the use of the acenaphthene scaffold for preparing peri-substituted species. [22] [23] [24] [25] [26] [27] The related acenaphthylene backbone incorporating a C=C double bond on the bridging moiety, however, has seen limited use. Herein, we report the synthesis and structural characterisation of a series of halogen and chalcogen peri-substituted acenaphthylenes 1-12, analogues of previously reported naphthalenes N1-N12 [18] and acenaphthenes A1-A12, [17] along with 5,6-dihaloacenaphthylenes 13 (Br) [28, 29] and 14 (I). [17] and naphthalenes N1-N12. [18] Results and Discussion Acenaphthylenes 1-11, 13 [28, 29] and 14 were synthesized, with crystal structures determined for 2, 3, 5, 6, 8-10 and 13. In addition, 1,2,5,6-tetrabromo-1,2-dihydroacenaphthylene A0 [28] was synthesized as an intermediate in the preparation of 13 and its crystal structure determined. The structure of 5,6-dibromoacenaphthene A13 is also reported for completeness and for comparison with 13 and A0. All compounds obtained (1-11, 13, 14 and A0) were characterized by multinuclear magnetic resonance and IR spectroscopy and mass spectrometry, and the homogeneity of the new compounds was where possible confirmed by microanalysis. 77 Se and 125 Te NMR spectroscopic data can be found in Table 1 .
Previous work undertaken on analogous naphthalene [18] and acenaphthene [17] compounds highlighted 5,6-dibromoacenaphthylene 13 [28, 29] as a potential starting material for the preparation of chalcogen substituted acenaphthylenes 1-12. 1,8-dibromonaphthalene N13 and 5,6-dibromoacenaphthene A13 both readily undergo lithium-halogen exchange reactions to form mono-and di-lithiated precursors for many metal-substitution reactions, and have previously been shown to react with diphenyl dichalcogenides to form substituted chalcogen compounds. [17, 18, 30, 31] 13 was initially prepared following a modified version of the route reported by Meinwald and Chiang. [28] A chloroform solution of 5,6-dibromoacenaphthene A13 [32] was treated with 2.2 equivalents of N-bromosuccinimide (NBS) and 0.22 equivalents of benzoyl peroxide and heated under reflux for five hours affording A0 (yield 74%). Debromination to the target compound 13 was subsequently achieved by treating A0 with five equivalents of zinc and refluxing in glacial acetic acid for four hours (yield 86%, Scheme 1). [33] An alternative route to 13, reported by Mitchell and co-workers, [34] converts 5,6-dibromoacenaphthene A13 directly to the product in one step, using 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) in refluxing benzene (24 h) to dehydrogenate the ethane bridge (yield 25%, Scheme 1). Scheme 1. Alternative routes for the synthesis of 5,6-dibromoacenaphthylene 13; i) N-bromosuccinimide, benzoyl peroxide, chloroform, 80 °C, 5 h; ii) zinc powder, glacial acetic acid, 120 °C, 4 h; iii) 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ), benzene, 90 °C, 24 h.
The preparation of 5,6-bis(phenylsulfanyl)acenaphthylene 7 was initially attempted following the procedure outlined previously for the synthesis of analogous 5,6-bis(phenylchalcogeno)acenaphthenes A7-A10. [17] 13 was first treated with TMEDA (2.7 equivalents) and n-butyllithium (2.4 equivalents) to afford the corresponding 5,6-dilithioacenaphthylene·2TMEDA complex, which was subsequently reacted with two equivalents of diphenyl disulfide. The reaction, however, was unsuccessful and an alternative route to acenaphthylenes 1-12 was explored.
Prompted by the ease of conversion of A13 into acenaphthylene 13, it was decided to first prepare acenaphthenes A1-A12 [17] and then treat them with DDQ to dehydrogenate the ethane backbone and afford the desired acenaphthylenes 1-12. A1- Table 1 . 77 Se and 125 Te NMR spectroscopic data, δ (ppm). [17, 18] Te NMR spectroscopic data for the series of acenaphthylene derivatives and their acenaphthene and naphthalene analogues is displayed in Table 1 . The acenaphthylene derivatives display NMR signals with similar chemical shifts to their naphthalene counterparts. This is in contrast with equivalent acenaphthene compounds, whose signals lie noticeably upfield at much lower chemical shifts. The exception is mixed telluriumsulfur derivative 11 which displays a significantly higher chemical shift of 952 ppm (cf. N11 715 ppm; A11 589 ppm).
X-ray investigations
Suitable single crystals were obtained for 2, 3, 5, 6, 8 and 13 by diffusion of hexane into a saturated solution of the compound in dichloromethane. Crystals for 9 and 10 were obtained by slow evaporation of a saturated dichloromethane solution of the product and for A0 by evaporation of a saturated hexane solution. Compound 13 contains two nearly identical molecules in the asymmetric unit, in contrast to the remaining members of the series which crystallize with one molecule in the asymmetric unit. The molecular structures of 2, 3, 5, 6, 8-10 and 13 are analysed together here and compared with the structures of naphthalene and acenaphthene derivatives previously reported. [17, 18] The molecular structures of A0 and A13 are also discussed. Selected interatomic bond lengths and angles are listed in Tables 2 and 3 . Further crystallographic information can be found in the Supporting Information.
The molecular structures of acenaphthylenes 2, 3, 5, 6, 8-10 and 13 are remarkably similar to their acenaphthene counterparts (A2, A3, A5, A6, A8-10 and A13), [17] exhibiting identical phenyl and 'naphthalene' ring configurations and with comparable degrees of molecular distortion between corresponding compounds. Naturally, the ethane and ethene backbones of the acenaphthene and acenaphthylene derivatives have a noticeable impact on their molecular geometry compared to the equivalent substituted naphthalenes (N2, N3, N5, N6, N8-10 and N13). [18] This is most apparent when contrasting the degree to which each set of compounds deviates from an ideal geometry [36] [37] [38] upon the introduction of the large chalcogen and halogen heteroatoms. The substituted naphthalene systems, without the restriction of a semirigid linker, have greater freedom to deform in order to reduce the steric crowding occurring within the peri-region. Elongation of the bonds around C10 (average 1.44 Å compared with the ideal 1.42 Å), [18, 36] close to the site of steric repulsion, is accompanied by a natural increase in the C1-C10-C9 angular splay (average 128° compared with the ideal 118°), [18, 36] although this is offset by a minor reduction in the C4-C5-C6 angle (average 118° compared with the ideal 122°). [18, 36] The most conspicuous deviation from ideality in the naphthalene systems is the reduction in planarity of the carbon framework, with central naphthalene C-C-C-C torsion angles indicating a significant buckling of the ring system is taking place (average 5° compared with the ideal 0°). [18, 36] The introduction of bridging ethane/ethene organic linkers at the 1-and 2-positions of the naphthalene skeleton in acenaphthene and acenaphthylene results in a minor reduction in the planarity of the carbon framework, and naturally compresses the C4-C5-C6 angle (naphthalene 122°, acenaphthene 112°, acenaphthylene 109°). [36] [37] [38] In both compounds this coincides with a significant widening of the bay-region, augmented by an increase in the C1-C10-C9 angle (acenaphthene 127°, acenaphthylene 128°, cf. naphthalene 122°). [36] [37] [38] The exocyclic peri-H-atoms are thus divergent and no longer parallel, subsequently increasing the ideal peri-distance to ~2.7 Å in both acenaphthene and acenaphthylene (cf. naphthalene 2.4 Å). [36] [37] [38] This natural increase in periseparation in the unsubstituted compounds is reflected in the series of substituted acenaphthenes (A2, A3, A5, A6, A8-10 and A13) [17] and acenaphthylenes (2, 3, 5, 6, 8-10 and 13), which exhibit less deviation from ideality compared to analogous naphthalene derivatives. Nevertheless, in both series, and in line with their naphthalene analogues, substitution of the heavy halogen and chalcogen moieties requires further widening of the C1-C10-C9 angle (average 131° (acenaphthene) and 132° (acenaphthylene) compared with the ideal 127° and 128°, respectively) [17, 37, 38] however, unlike the naphthalenes, the bonds around C10 retain their ideal length (average 1.43 Å and 1.44 Å, respectively). [17, 37, 38] In addition, the presence of the ethane and ethene bridges blocks any possible distortion of the C4-C5-C6 angle, which remains close to ideal in both sets of compounds (average 112° and 109°, respectively). [17, 37, 38] The rigidity of the organic linkers also helps to reduce the distortion occurring within the acenaphthene and acenaphthylene carbon frameworks, with central C-C-C-C torsion angles averaging only 3° compared with 5° in the naphthalene derivatives. (5)- (10)- (1) -177.1 (14) 177.5 (8) 178.5(6) C:(4)- (5)- (10)- (9) -177.0 (14) 175. 2(8) 177. 4(6) [a] van der Waals radii used for calculations: rvdW(Br) 1.85Å, rvdW(I) 1.98Å, rvdW(S) 1.80Å, rvdW(Se) 1.90Å, rvdW(Te) 2.06Å; [35] [b] Splay angle: Σ of the three bay region angles -360.
Akin to their naphthalene and acenaphthene analogues, substituted acenaphthylenes 2, 3, 5, 6, 8-10 and 13 experience additional out-of-plane displacement, with the peri-atoms lying 0.18-0.42 Å from the mean plane depending upon the bulk of the peri-substituents. Further separation is provided by in-plane tilting of the exocyclic peri-bonds with angles around C1 and C9 averaging 123° compared to 120° in the ideal acenaphthylene structure. [38] This, coupled with the natural increase in the C1-C10-C9 angular splay from the inclusion of the ethene bridge, results in greater bay region angles in the acenaphthylene compounds compared to analogous acenaphthenes and naphthalenes (average splay angles 17°, 16° and 14°, respectively). [17, 18] This is reflected in the magnitude of the peridistances observed in each set of compounds which increase in the order naphthalenes to acenaphthenes to acenaphthylenes (3. (4)- (5)- (10)- (9) -178. [17] previously characterised, along with the naphthalene series, [18] according to the related classification systems devised by Nakanishi et al. [10] and Nagy et al. [39] The absolute conformation of each structure is calculated from torsion angles θ and γ (Tables 4 and 5 ; Figures 4 and S4) , which describe the relative alignment of the E('naphthalene') and E(phenyl) rings with respect to the C(ar)-E-C(ar) planes. [10, 39] The equatorial type B configuration adopted by monosubstituted acenaphthylenes 2, 3, 5 and 6 (Table 4, Figure 4) , in which the E-C Ph bond aligns along the mean plane of the molecule, [10, 39] corresponds to the general trend observed for analogous Se and Te acenaphthene and naphthalene derivatives. [17, 18] This promotes a quasi-linear three-body fragment with X···E-C Ph angles (ψ) in the range 169-177° ( Figure  4) . Independent of the form of the 'naphthalene' backbone, substitution of larger congeners into the congested peri-region leads to a buildup of steric pressure, which is alleviated via molecular distortion. In each class of compounds, a steady increase in the peri-distance is observed as bromine and selenium are sequentially replaced by iodine and tellurium, respectively (N2 3.1136(6) Å to N6 3.3146(6) Å; [18] The mutual axial-equatorial orientation of the acenaphthyl and phenyl rings, characteristic of the type AB configuration, [10] gives the structures of 8-10 an 'aircraft-like' appearance, commonly associated with diaryl sulfides [39] and seen in previously reported bis-and mixed-chalcogen naphthalene and acenaphthene analogues (Table 5, Figure 4 ). [17, 18] The AB conformation positions one of the E-C Ph bonds perpendicular to the mean acenaphthylene plane whilst aligning the other E-C Ph bond along the plane of the molecule, and gives rise to a quasi-linear three-centre E···E'-C Ph type fragment. In all cases ψ approaches 180° (173-177°), and nonbonded peri-distances are within the sum of van der Waals radii for the two interacting chalcogen atoms. It is worth noting that 5,6-bis(phenyltelluro)naphthalene N9 is the one anomaly amongst this group of compounds choosing to adopt the marginally different CC-t type configuration. [17] Acenaphthylenes 8-10, which differ only by chalcogen type and not by configuration, conform to the accepted rule that increasing the bulk of the substituents residing in the peri-region will result in an increase in molecular distortion. When compared in conjunction with their acenaphthene and naphthalene counterparts, this trend is extended to each set of compounds irrespective of the backbone, with peri-distances (N10 3.063(2) Å to N9 3.3287(1) Å; A10 3.113(4) Å to A9 3.3674(19) Å; 10 3.144(3) Å to 9 3.393(3) Å) [17, 18] increasing in each case as the heavier congeners are located in close proximity. This coincides with the expected change in structural deformation across the series for corresponding compounds, with a notable increase in distortion associated with changing the naphthalene backbone for acenaphthene and acenaphthylene, respectively (N10 3.063(2) Å, A10 3.113(4) Å, 10 3.144(3) Å; N8 3.1322(9) Å, A8 3.1834(10) Å, 8 3.191(3) Å; N9 3.287(1) Å, A9 3.3674(19) Å, 9 3.393(3) Å). [17, 18] Whilst the nature of the organic backbone and the size of the heteroatoms located at the peri-positions play an important role in determining the molecular geometry of these systems, the number, size and location of the functional groups attached to the periatoms is also highly influential. [17] The conformation of the aromatic ring systems and by inference the location and interaction of the chalcogen and halogen lone-pairs has been shown to dictate the geometry of the peri-region in naphthalenes N1-N12 and acenaphthenes A1-A12. [18, 17] The contrast observed in periseparation between differing conformers of the peri-substituted phenyl group can be correlated to the ability of the frontier orbitals of the halogen or chalcogen atoms to take part in attractive or 
Compound

Acenaphthylene ring conformations Phenyl ring conformations
Torsion angle C10-C9-E1-C13 C9-E1-C13-C14
2 θ1 -167.8(7) Acenapyl1 [a] : equatorial [d] γ1 84.8(7) Ph1 [b] : axial repulsive interactions. Repulsion between p-type lone-pairs was found to be less pronounced when the conformation of the respective compound conformed to a type B or type AB configuration. [10, 17, 18, 39] In this situation, torsion angles (θ) approach 180°, corresponding to an equatorial 'naphthalene' ring conformation, and the axis of the p-orbitals aligns parallel and vertical to the aromatic system. [39] In addition, the existence of a quasi-linear G⋯E-C Ph (G = Br, I, S, Se, Te) three-body fragment exhibited by this type of configuration was shown to provide an attractive component for the G⋯E interaction. Density functional studies confirmed these weak donor-acceptor interactions in type AB conformers, which promoted the delocalisation of a p-type lone-pair (G) to the antibonding σ*(E-C) orbital, thus forming an attractive threecentre four-electron (3c-4e) type interaction. [16, 17, 18] This was shown to become more prevalent as heavier congeners were introduced along the series, with increasingly large Wiberg bond index (WBI) [40] values obtained, up to a value of 0.14 for the bistellurium species A9.[17,18] Similar, attractive donor-acceptor 3c-4e type interactions are predicted to occur in acenaphthylenes 2, 3, 5, 6, 8-10, all of which adopt either the type B or type AB configuration.
To complement our previous results on the naphthalene and acenaphthene series, we optimized the ditelluride 9 in both AB and CC-t conformations at the B3LYP/SDD/6-31+G* level of density functional theory (DFT). At that level, (chosen for compatibility with our previous calculations on the naphthalene and acenaphthene series), [17] both are very close in energy, within less than 1 kJ/mol, the AB form observed in the crystal being the more stable (see Table S14 in the ESI). The trend towards longer Te ... Te separations on going from N9 to 9 is captured well in the computations (from 3.34 Å to 3.44 Å, respectively, A9 lying in between). However, the calculated WBI decreases only marginally, from 0.14 to 0.13, within this series; the same trends are seen for the other dichalcogenides from the present study that have been structurally characterised (see Table S14 ). The donor-acceptor interaction from a lone pair on one Te into a σ*(Te-C) antibonding orbital of the other TePh moiety, which was identified for A9, [17] is thus present in the acenaphthylene derivative as well. According to second-order perturbation analysis of the natural bond orbitals (NBOs), [41] the energy of this interaction is essentially the same in A9 and 9, namely 47 kJ/mol. An additional calculation on the elusive mixed Te-Se compound 12 furnished no apparent reason why it should not be formed: structural properties are as expected, i.e. in between those of the bis-selenium and bis-tellurium congeners (see Table S14 ), and the stability relative to the latter (eq 2) is comparable to the corresponding driving force leading to the Te-S species 11 (eq 1), which can be isolated: [42] C 12 H 6 (TePh) 2 (9) + C 12 H 6 (SPh) 2 (7) → 2 C 12 H 6 (TePh)(SPh) (11), ΔE = -22.0 kJ/mol (1) C 12 H 6 (TePh) 2 (9) + C 12 H 6 (SePh) 2 (8) → 2 C 12 H 6 (TePh)(SePh) (12), ΔE = -15.6 kJ/mol (2) Similar to its acenaphthene analogue, bis-telluride 9 packs with short intermolecular contacts between Te atoms of neighbouring molecules to construct Te4 parallelograms. The strictly planar Te4 rhombus core contains two unequal Te⋯Te non-bonded distances and interior angles sum to 360°. The intermolecular Te⋯Te separation (3.843(1) Å) is longer than the non-bonded intramolecular peri-distance (3.393(3) Å), however both distances are shorter than twice the van der Waals radius of tellurium (4.12 Å) ( Figure 5 ). [35] No similar intermolecular arrangement is observed in SeSe (8) or SeS (10) derivatives.
13 and A0 were first prepared by G. P. Pretenko et al. [29] in 1967 and despite their use in the years to follow, no molecular structure data have yet been published. The structure of 13 is, at first sight, remarkably similar to its acenaphthene analogue A13; a planar molecule containing negligible out-of-plane distortion in which the bromine atoms are essentially located on the mean acenaphthylene plane (displacements < 0.1 Å; C-C-C-C torsion angles < 2°; Figure 6 ). On closer inspection, structural changes are observed within the carbon skeleton caused by the presence of the C=C double bond (1.322 (5) The substitution of two additional bromine atoms onto the ethane bridge in 1,2,5,6-tetrabromoacenaphthene A0 dramatically transforms the geometry of the carbon framework, inducing greater molecular distortion in order to accommodate the extra steric bulk (Figure 7) . A marked expansion of the C4-C5-C6 angle (120.2(12)° cf. A13 111.0(4)°) and the C1-C10-C9 angular splay (142.2(13)° cf. A13 132.5(4)°) naturally constricts the C5-C10 bond which compresses to 1.239(18) Å, comparable in length to a standard C=C double bond and much shorter than that found in A13 (1.418(6) Å). The increased splay of the two exocyclic Br-C Acenap bonds (22.0° cf. A13 20.6°), coupled with the displacement of the peri-bromine atoms to opposite sides of the mean acenaphthene plane (~0.2 Å), increases the separation across the bay-region to 3.462(3) Å (cf. A13 3.3052(11) Å), only 6% shorter than the sum of the van der Waals radii (3.70 Å). [35] The presence of the two additional bromine atoms, which occupy remote positions 2.114(1) Å above (Br3) and 2.077(1) Å below (Br4) the plane respectively, causes the C11-C12 bond of the ethane bridge to extend to 1.59(2) Å (cf. A13 1.561(8) Å). Interestingly, the Br3-C11 (2.066(15) Å) and the Br4-C12 (2.078(14) Å) bonds are considerably longer than those associated with the peri-bromine atoms (Br1-C1 1.724(17) Å; Br2-C9 1.694(14) Å).
Conclusions
Peri-substituted acenaphthylenes [Acenapyl(X)(EPh)] (X = Br, I; E = S, Se, Te) 1-6, [Acenapyl(EPh)(E`Ph)] (E/E` = S, Se, Te) 7-11 and [Acenapyl(X) 2 ] (X = Br, I) 13, 14 have been prepared from corresponding acenaphthenes A1-A14 using DDQ to perform the dehydrogenation of the ethane backbone. [34] Crystal structures determined for 2, 3, 5, 6, 8-10 were analyzed and compared with previously reported analogous naphthalenes N1-N12 [18] and acenaphthenes A1-A12. [17] In addition, 1,2,5,6-tetrabromo-1,2-dihydroacenaphthylene A0 [28] was synthesized as an intermediate in the preparation of 13 and crystal structures determined for 13 and A0 were contrasted with the structure of 5,6-dibromoacenaphthene A13.
The series of acenaphthylenes are unremarkable and reveal similar trends to those found in acenaphthene analogues, with increased molecular distortion associated with an increase in steric bulk within the peri-region. Under appropriate geometric conditions quasi-linear three-body C Ph -E···Z (E = Te, Se, S; Z = Br/E) fragments provide an attractive component for the E···Z interaction. DFT studies map the trend towards longer E···E separations on going from naphthalenes to acenaphthenes to acenaphthylenes, however, calculated WBIs decrease only marginally between series. DFT calculations also confirm the onset of formation of 3c-4e bonding, with the donor-acceptor interaction (from a Te lone pair into a σ*(Te-C) antibonding orbital of the neighbouring TePh) reported for A9, [17] also identified in the acenaphthylene derivatives and similar in extent, despite an increase in the peri-distances.
Experimental Section
All experiments were carried out under an oxygen-and moisturefree nitrogen atmosphere using standard Schlenk techniques and glassware. Reagents were obtained from commercial sources and used as received. Dry solvents were collected from a MBraun solvent system. Elemental analyses were performed by Stephen Boyer at the London Metropolitan University. Infra-red spectra were recorded for solids as KBr discs and oils on NaCl plates in the range 4000-300 cm -1 on a Perkin-Elmer System 2000 Fourier transform spectrometer.
1 H and 13 C NMR spectra were recorded on a Bruker Avance 300 MHz spectrometer with δ(H) and δ(C) referenced to external Me 4 Si. Alternative route to 13 following a modification of the procedure described by Mitchell and co-workers: [34] DDQ (10.9 g, 48.1 mmol) was added to a stirred solution of 5,6-dibromoacenaphthene A13 (10.0 g, 32.1 mmol) in benzene (250 mL) and the mixture was heated under reflux for 24 h. After cooling to room temperature, pentane (200 mL) was added and the mixture was filtered. The filtrate was passed through a short column of silica with a pentane eluent. The resulting solution was then evaporated under reduced pressure to yield the title compound as a yellow solid. An analytically pure sample was obtained by recrystallisation from diffusion of hexane into a saturated solution of the compound in dichloromethane to give yellow crystals (0.16 g, 20%).
[Acenapyl(SPh)(Br)] (1) 
Crystal Structure Analyses
X-ray crystal structures for A0 and 6 were determined at −148(1) °C on the St Andrews Robotic Diffractometer, [44] a Rigaku ACTOR-SM, Saturn 724 CCD area detector with graphitemonochromated Mo Kα radiation (λ = 0.71073 Å). Data was corrected for Lorentz, polarization, and absorption. Data for compound 10 were collected at −148(1) °C using a Rigaku MM007 high-brilliance RA generator (Mo Kα radiation, confocal optic) and Saturn CCD system. At least a full hemisphere of data was collected using ω scans. Intensities were corrected for Lorentz, polarization, and absorption. Data for compounds 13 and A13 were collected at −148(1) °C on a Rigaku SCXmini CCD area detector with graphite-monochromated Mo Kα radiation (λ = 0.71073 Å). Data were corrected for Lorentz, polarization, and absorption. Data for 2, 3, 5, 8 and 9 were collected at −180(1) °C using a Rigaku MM007 high-brilliance RA generator (Mo Kα radiation, confocal optic) and Mercury CCD system. At least a full hemisphere of data was collected using ω scans. Data for the complexes analyzed was collected and processed using CrystalClear (Rigaku). [45] Structures were solved by direct methods [46] and expanded using Fourier techniques. [47] Non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined using the riding model. All calculations were performed using the CrystalStructure [48] crystallographic software package except for refinement, which was performed using SHELXL-97. [49] CCDC-975710 (2), -975711 (3), -975712 (5), -975713 (6), -975714 (8), -975715 (9), -975716 (10), -976268 (13), -976269 (A0), -976270 (A13) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/ data_request/cif.
Computational Details
The same methods were employed as in our previous study, [17] i.e. geometries were fully optimised in the gas phase at the B3LYP level[50] using the Stuttgart-Dresden effective core potential along with its double zeta valence basis sets for Te [51] (augmented with a set of d-polarisation functions), and 6-31+G(d) basis elsewhere. Wiberg bond indices [40] were obtained in an NBO analysis [41] at the same level. See the ESI for more details.
Supporting Information (see footnote on the first page of this article): Full experimental details, crystallographic data and figures, and computational details.
Supporting Information
Experimental Section
All experiments were carried out under an oxygen-and moisture-free nitrogen atmosphere using standard Schlenk techniques and glassware. Reagents were obtained from commercial sources and used as received. Dry solvents were collected from a MBraun solvent system. Elemental analyses were performed by Stephen Boyer at the London Metropolitan University. Infra-red spectra were recorded for solids as KBr discs and oils on NaCl plates in the range 4000-300 cm -1 on a 3053w, 1881w, 1573s, 1475s, 1460s, 1435s, 1408vs, 1360s, 1190w, 1080s, 1065s, 1019s, 997s, 889s [Acenapyl(TePh)(SPh)] (11): Compound 11 was synthesized by the method described for 13 but with DDQ (0. 2853w, 2372w, 1654w, 1559s, 1493s, 1459s, 1403vs, 1360s, 1205w, 1184w, 1075vs, 1012vs, 871w, 828vs, 721s, Temperature ( We recognise that a number of these determinations have high wR2 values. We did not attempt to artificially improve them by removal of inconvenient reflections. The high values may reflect the challenging crystal size and shapes. Despite the high wR2 values the structures are precise enough to enable us to draw the conclusions in the ms. (4) 1.392 (7) 1.43 (4) C ( (11) C ( 
Computational Details.
Geometries were fully optimised in the gas phase at the B3LYP level [5] using Curtis and Binning's 962(d) basis [6] on Se and
Br (augmented with a set of diffuse s and p functions on Br), the Stuttgart-Dresden effective core potential along with its double zeta valence basis sets for Te and I [7] (augmented with d-polarisation functions with an exponent of 0.237 and 0.241, respectively), [8] and 6-31+G(d) basis elsewhere. Wiberg bond indices [9] were obtained in a natural bond orbital analysis [10] at the same level. The optimisations were started from the conformers of the corresponding acenaphthene minima. The computations were performed using the Gaussian suite of programs. [11] 
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